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I¥Y  FCNC Motivation — KU®rs

« The standard model (SM) has been found to be in excellent
agreement with experimental results

« SM Lagrangian does not contain flavor changing neutral currents
terms

— t—c,u quarks transitions only possible through radiative corrections

q q

« Expected branching ratio of t—Zc is ~10-14, while t—Zu is ~10-17
« Some theories beyond SM predict B~10-
« Observation would certainly point to physics beyond the SM
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D FCNC Motivation KU KARSAS

« Use a previous analysis of trilepton + imbalance in transverse
momentum for WZ cross section : Physics Letters B 695, 67 (2011)

« Search for signal using new final state : X 1s any number of jets

pp — tt — ZqgWh — 0y + X

e [Extract or set limits on branching ratio of t—7q (q =u, ¢)
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DeS FCNC Motivation KU KARGAS

« Use a previous analysis of trilepton + imbalance in transverse
momentum for WZ cross section : Physics Letters B 695, 67 (2011)

» Search for signal using neywy final state : X is any number of jets

pp — tt — Zg — Wy + X

« [Extract or set limits on branching ratio of t—7q (q =u, ¢)
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D FCNC Motivation KU KARSAS

« Use a previous analysis of trilepton + imbalance in transverse
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DeS FCNC Motivation KU KARGAS

« Use a previous analysis of trilepton + imbalance in transverse
momentum for WZ cross section : Physics Letters B 695, 67 (2011)

« Search for signal using new final state : X 1s any number of jets

pp — tt — ZqgWh — 0y + X

e [Extract or set limits on branching ratio of t—7q (q =u, ¢)

/+
e CDF results : B(t—Zq) < 3.7% (observed) 7 )
with a <5.0% (expected) at 95% C.L. using ¢
1.9 fb! T. Aaltonen et al. [CDF Collaboration], Phys. q9 t ,
Rev. Lett.101, 192002 (2008) q
— Z—00 + >4 jets ) 9 b
q

— Complementary search
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B+ FCNC Motivation KU KARSAS

« Use a previous analysis of trilepton + imbalance in transverse
momentum for WZ cross section : Physics Letters B 695, 67 (2011)

« Search for signal using new final state : X 1s any number of jets

pp — tt — ZqgWh — 0y + X

e [Extract or set limits on branching ratio of t—7q (q =u, ¢)

e ATLAS results : B(t—Z72q) < 17% 7 [ )
(observed) with a < 12% (expected) at 95% ‘
C.L. using 35 pb-! ATLAS-CONF-2011-061 9 t ,

— Three leptons + MET + 2 jets ;
g -

Q|
~

McGivern, SUSY 20 1



THE UNIVLRS

KANSAS

DZero Detector

* (Consists of three sub-detectors :

— Tracking : Reconstruct interaction vertices and measure momenta of
charged particles, enclosed in a 1.9 T solenoid field

— Calorimeter : EM and Hadronic calorimeters measure energies of
hadrons, electrons and photons

— Muon :

consists of three layers of drift tubes and scintillation

counters (one layer inside a 1.8 T toroidal magnet)

1 1 | 1 T | 1 | 1 T T 1 ] 1 1
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D5 DZero Detector KARBAS

* (Consists of three sub-detectors :

— Tracking : Reconstruct interaction vertices and measure momenta of
charged particles, enclosed in a 1.9 T solenoid field

— Calorimeter : EM and Hadronic calorimeters measure energies of
hadrons, electrons and photons

— Muon : consists of three layers of drift tubes and scintillation
counters (one layer inside a 1.8 T toroidal magnet)
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THLE UNIVLRSITY

KANSAS

DZero Detector

* (Consists of three sub-detectors :

— Tracking : Reconstruct interaction vertices and measure momenta of
charged particles, enclosed in a 1.9 T solenoid field

— Calorimeter : EM and Hadronic calorimeters measure energies of
hadrons, electrons and photons

— Muon :

consists of three layers of drift tubes and scintillation

counters (one layer inside a 1.8 T toroidal magnet)
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w Event Selection KU KARNSAS

61 +
7 > 3 1solated leptons, with high pr,
¢~ separated in AR = V(An? + Ad?)
f Imbalance 1n transverse momentum
g  (MET)
g ) b Three jet multiplicity bins; 0, 1, >2
t
) All from same vertex
W- 4
Invariant dilepton mass within Z window
Vv

Use 4.1 fb! of integrated luminosity collected in Tevatron Run II,
with selection criteria optimized for s/N(s+b).

Signal : FCNC tt, Main Backgrounds: WZ, ZZ, 7, 7/W+Jets,
SM ¢t

— Determined using MC Simulations and Data
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w FCNC Signal Modeling KU#ixsis

« Use CompHEP to generate the signal at the parton level (to
correctly model the helicity structure) and PYTHIA for jet
development and hadronization

— Modified to include the following FCNC Lagrangian
€

L = t — Z* + h.c.
FCNC 2 sin 9W COS HW ’Y'U(UZ aZ’YE))C +he

T. Han and J. L. Hewett, Phys. Rev. D 60, 074015 (1999).
* Assume SM neutral current couplings (Z— qq for up-type

quarks) : Veuz = 1/2 — 4/3sin? Oy = 0.192, a4z =1/2
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w FCNC Signal Modeling KU#ARsAS

« Use CompHEP to generate the signal at the parton level (to
correctly model the helicity structure) and PYTHIA for jet
development and hadronization

— Modified to include the following FCNC Lagrangian

€

Lronc = tv.(vz —azys)ecZ* + h.c.

2 sin By cos Oy
T. Han and J. L. Hewett, Phys. Rev. D 60, 074015 (1999).

* Assume SM neutral current couplings (Z— qq for up-type

quarks) :

From CompHEP: pp — tt — ZgW™b— e

—

FCNC t—ete q

Define arbitrary angle, 0%, between
momentum of Z in the top rest frame and
the positively charged lepton momentum

from Z—ee in the Z rest frame.
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Veuz = 1/2 — 4/3sin? Oy = 0.192, a4z =1/2

e qu v, b




Yields and Jet Distribution

* 35 candidate events

KU KANSAS

— Expected background = 31.8 £+ 0.3(stat) = 3.9(syst) events

« Dominant Systematic Uncertainties : Lepton ID, Theoretical
Cross Sections (including FCNC ¢t signal), Jet Energy Scale
(JES), Jet Energy Resolution (JER)
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All distributions

are shown with
B(t—Zq) = 5%
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Events per 100 GeV

Events per 100 GeV
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KU KANSAS
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rn.. =
t —=— Dat

4l 1€ ata

- s CJwz

- . -ZZ
2; - Other backgrounds
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H, (GeV)

Ht = Zpr(leptons)+MET+ Zpr(jets)

Hr peak-value increases with jet
multiplicity (njet)
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w Limits on B(t—Zq) KU KANSAS

* Use njet, Hr, and reconstructed top quark mass (m¢°°) (from the
two Z leptons and jets) to separate signal from background

e Good separation 1s observed between signal and background

using these three variables
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w Limits on B(t—Zq) KU KARSAS

« Use Poisson probabilities, with systematic uncertainty
parameterized through Gaussian smearing, to extract the limits

 B(t—Zq) <3.2% (observed), < 3.8% (expected) at 95% C.L.

~ 1000
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e Coupling limits :

vigz < 0.19 (observed), < 0.21 (expected) at 95%

C.L.
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¥ Candidate eee+1jet Event g

Run 194259 Evt 5929362 Run 194259 Evt 5929362

Triggers: ET scale: 51 GeV
1 MET M eV e

= 3
e 2 Ne
360 -
.
"
180 " .
phi o
Bins: 124 e
Mean: 1.38 0 - 4 e
Rms: 5.7 -4.7 em particle et: 55.9 T
Min: 0.00949 em particle et: 50.87
Max: 43.9 em particle et: 39.28

MET et: 28.64

« cee + 1 jet candidate event, with m¢*® = 351 GeV
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> 2 Summary KU KARSAS

« No indication of new physics at this level of statistics
» Recently published in Physics Letters B 701, 313 (2011)
 B(t—Zq) <3.2% (observed), < 3.8% (expected) at 95% C.L.

e Coupling limits viqz < 0.19 (observed), < 0.21 (expected) at
95% C.L.

— World’s best limits on viqz!

Long Live
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KU KANSAS

Backup Slides
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I¥5 Detailed Event Selection ~ KU#ARsAS

« Look for a signal with 3 or more 1solated leptons and an
imbalance 1n transverse momentum (MET)

« Use4.1 fb'! of integrated luminosity collected from the
Tevatron Run II, selection criteria optimized with s/ V(s +b).

e Main Backgrounds: WZ, 77, 7y, V+Jets, SM ttbar

— Determined using MC Simulations and Data

* General selection criteria for all leptons :

— Invariant dilepton mass (74 GeV < Mee < 104 GeV,
65 GeV <My, < 115 GeV, 60 GeV < Meeicr < 120 GeV)

— Missing Transverse Energy > (20 - 30) GeV

— Lepton pr> (15 - 30) GeV

— Lepton AR (=N(Ad? + An?)) > 0.5 - 0.6

— Azpca (between any two lepton tracks) <3 cm
— Jet Er>20 GeV
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FCNC Event Yields

THL UNIVI

RSITY O

KANSAS

Soures cee [ e epap

WZz 3ATE£006 2087 | 572=0.07 £ 0.89 4.76 £ 0.06 = 0.70

V4 0.25 £ 0.03 £ 0.05 1.35 = 0.06 £+ 0.21 0.52 £0.04 = 0.08

Vibjets | 042201142008 @ 014 =004 £ 0.06 0.48 £0.11 = 0.01

Z~ 0.18 £ 0.05 £ 0.07 < 0.001 0.66 £ 0.07 = 0.38

3 0.04 £ 0.01 £0.01 | 0.013 £ 0.004 £ 0.002 0.05 £ 001 =00

Total bka, [ 6,05 £ 014 £0958 | 7.22 =0.10 £0.92 6.43 £0.15 = 0.71

e : e ! «——Jet Inclusive

Souree P \ LT RE €e1 RIS

WZz 6.00 £ 007 £1.00 | 146 =0.03 £ 0.24 1.78 £0.04 = 0.25

ZZ 13140064022 | 0.08=0.01%0.02 0.46 £ 0.03 = 0.07

Vg jets |0I8£005+£003 | 0.18=007+0.08 0.26 £ 0.18 = 0.16

Z~ < 0.001 0.10 = 0.01 £ 0.03 < (0.001

23 0.04 £ 0.01 £0.01 | 0.010 £ 0.003 £ 0.002 | 0.022 £ 0.004 £ 0.003

Total bkg. | 7.75 £ 0.13 £ 1.02 ‘ 1.83 = 0.08 £ 0.26 2524+019=0.31

Observed 5 1 3
Source o e pran
Wz 4.40 = 0.06 £ 0.83 4.80 £ 0,06 £ 0.75 3.92 £0.05 = 0.58
ZZ 017 = 0.02 £ 0.03 1.02 £ 0.06 £ 0.16 0.33 £ 0.03 = 0.05
V 4 jets 0.16 = 0.07 £ 0.08 0.05 £ 0.02 £ 0.03 0.23 £ 007 =0.01
Z~ 0.11 = 0.04 £ 0.04 < 0.001 0.43 £ 0.06 £0.25
tf 0.001 = 0.001 < 0.001 | 0.001 £ 0.001 < 0.001 < (.001
Total bkg. 4.84 = 0,10 £ 0.84 38T £0.09£077 4.68 £ 0.08 = 0.63

th . Observed £ T 8
—_—
O Jet Bln Source [ cerCRe CeIC R

Wz 5.02 = 0.06 £ 0.83 1.23 £ 0,03 £ 0.20 1.52 £ 0.03 = 0.22
ZZ 0.99 = 0.05 £ 0.17 0.05 £ 0.01 £0.01 0.38 £ 0.03 = 0.05
V 4 jets 0.12 = 0.04 £ 0.03 0.07 £ 0.05 £ 0.04 0.25 £0.18 =0.16
Z~ < (0.001 0.09 = 0.01 £ 0.03 < 0.001
tf 0.002 = 0.001 < 0.001 < (.001 0.003 = 0.001 < 0.001
Total bkg. 6.01 = 0,08 £ 0.85 1.44 £ 0.06 £ 0.21 2,15 +£0.19=0.28
Obgerved 4 1

McGivarn, SUSY
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THLE UNIVERSITY O}

[ )
FCNC Event Yields KANSAS

Souree cee o e

WZz 0.69 = 0,02 £ 0.14 0.830 £ 0.03 =0.14 0.73 £ 0024013

ZZ 0.07 = 0,02 £ 0.01 (.28 £ 0.03 = 0.05 0.16 £ 0.02 £ 0.03

V o« jets 0.21 = 0.08 £ 0.4 0.06 £ 0.03 = 0.02 0.21 £ 0.06 £ 0.01

Zy 0.04 = 0.03 £ 0.02 < 0.001 017 =0.04 £0.10

3 0.012 £ 0.004 £ 0.002 | 0.006 £ 0.002 £ 0001  0.009 = 0.002 £ 0.001

Total bkg, 1.02 = 0,09 £0.15 1.15 £ 0.05 = 0.15 1.0% £ 0,05 £ 0.17

(g)lm*rvt.d 1 2 1 < 1 st Jet BlIl

Souree s CeioRe eeiCip

W2z 0.53 =003 £0.19 0,20 £ 0.01 = 0.04 0.24 £ 0.01 £ 0.05

YA 0.28 = 0.03 £ 0.06 0.02 £ 0.01 = 0.01 0.08 £ 0.01 £ 0.01

V < jets 0.07 = 0.03 £ 0.03 0.04 £ 0.03 = 0.04 < 0,001

Zy < (0.001 0.016 £ 0.004 = 0.005 < (.001

3 0.013 £ 0.004 £ 0.002 | 0.008 £ 0.003 £ 0001 0.008 = 0.002 £ 0.001

Total bkg, 1.24 = 0.04 £ 0.20 0.29 £ 0.03 = 0.06 0.33 £ 0.01 £ 0.05

Observed 1 0 0
Source cee (g efifs
wZz 0.08 £ 0.01 £0.02 0.12 £ 0.01 £0.03 0.11 £ 0.01 £0.04
ZZ 0.0108 £ 0.005 = 0.003 0.04 £ 0.01 = 0.02 0.03 £ 0.01 £0.02
V4 jets 0.06 £ 0.04 £ 0.08 0.04 £0.03 =0.01 0.03 £ 0.03 £0.01
Zy 0.03 £ 0.02 £0.01 < 0.001 0.05 £ 0.02 £0.03
tt 0.011 = 0.004 £0.002 | 0.006 £ 0.003 £ 0.001 0.03 £ 0.01 £0.01
Total bkg. 0.1% £ 0.05 £ 0.08 0.21 £ 0.03 = 0.04 0.65 £ 0.11 £0.06

2 2 J et S Bln Sbmcrvt.d 0 1 - 0
: Source Jpa e e el
wZz 0.14 £ 0.01 £ 0.04 0,08 £0.01 £0.01 0.03 £ 0.01 £0.01
ZZ 0.04 £ 0.01 £0.02 0,004 £ 0,003 = 0.004 | 0.008 £ 0.004 £ 0.002
V4 jets < 0.001 0.07 £ 0.04 £ 0.04 < 0.001
Zy < (.001 0.001 = 0,001 = 0.001 < 0.001
tt 0,018 = 0.004 £ 0003 | 0,002 £0.002 < 0.001 | 0.011 £ 0.003 £ 0.002
Total bkg. 0.50 £ 0.09 £ 0.05 0.11 £ 0.04 = 0.04 0.05 £ 0.01 £0.01
Qbserved 0 0 oD
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